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mahidTrabecular bone score (TBS), which has been shown to discriminate patientswith fractures fromhealthy individuals,
decreases with age. This study was conducted to derive an age-adjusted normative TBS curve for each gender aged
30e80 þ years to serve as reference data for Thai males and females. A cross-sectional study was conducted among
employees from the Electricity Generating Authority of Thailand cohorts, after excluding those with conditions poten-
tially affecting bone metabolism and analysis. The values of TBS at L1eL4 vertebrae were analyzed using a commer-
cial software. Age-adjusted TBS curves were constructed using segmental linear regression analysis for each gender.
Additional analysis was also performed on TBSwith age, bodymass index, and bodymineral density (BMD) at L1eL4
vertebrae as covariates. A database of 848 healthy subjects (341 females and 507 males) aged 30e80þ years was
created. The BMDs of both male and female subjects in the youngest decade were not statistically different from pre-
vious reports ( p5 0.31 and 0.22 for females and males, respectively). In this age group, the mean TBS was higher in
females, albeit not statistically significant ( p5 0.12). Between the ages of 30e80þ years, female and male TBS drop-
ped by 19.8% (0.40% per year) and 10.1% (0.20% per year), respectively. The association with TBSwas weak for body
mass index andmoderate for BMD (coefficients of about0.01 and 0.4e0.5, respectively). The age-adjusted reference
curves for healthy Thai females and males aged 30e80þ years have been established.
Key Words: Bone mineral density; dual X-ray absorptiometry; reference data; Thai; trabecular bone score.Introduction
Osteoporosis is a health problem worldwide. It leads to
fragility fractures, resulting in poor quality of life and
increasing mortality. Its economic burden has become aceived 04/12/15; Revised 05/19/15; Accepted 05/21/15.
ddress correspondence to: Chanika Sritara, M.D., M.Sc.
cal Epidemiology), Department of Diagnostic and Therapeutic
logy, Faculty of Medicine, Ramathibodi Hospital, Mahidol
rsity, Bangkok 10400, Thailand. E-mail: chanika.sri@
ol.edu
494concern not only in industrialized countries but also in Asian
countries (1) including Thailand (2). Although the condition
mainly affects women (3), men are also at risk (4).
Because effective interventions to avert fractures exist,
efforts have been made to screen subjects at risk. Although
the standard screening procedure is the assessment of bone
mineral density (BMD) using dual X-ray absorptiometry
(DXA), BMD captures only 1 of many aspects contributing
to fracture risk. Among these factors is microstructure,
which can be assessed noninvasively by the trabecular
bone score (TBS). TBS is a texture parameter that provides
an indirect indicator of bone microarchitecture based on
Age-Adjusted Trabecular Bone Score Curves for Thai Females and Males 495gray-level variations in DXA images of the lumbar spine (5).
More numerous and connected and less sparse trabeculae
translate into a high TBS value, whereas a low trabecular
number and connectivity and high trabecular separation
translate into a low TBS, independent of BMD (6). Studies
have shown that TBS is associated with osteoporotic frac-
tures (7e10), particularly when below 1.2 (11). However,
there is no study indicating that this threshold is relevant
to begin antiosteporotic treatment (11). To choose a relevant
threshold, a reference range should be established in healthy
populations. We conducted this study, aiming to derived age-
adjusted normative curves of TBS, which may serve as refer-
ence data for adult males and females, which may help to
define a proper threshold.
Subjects and Methods
This was a cross-sectional study on current and ex-
employees at the headquarters of the Electricity Generating
Authority of Thailand (EGAT), Bangkok. The cohort profile
has been described in a previous report (12). In addition to
the initial aim of studying cardiovascular risk factors in the
first cohort in 1985, the survey was extended to collect data
on other metabolic disorders as well as bone health.
The study was approved by the Institutional Review Board
and by the Committee on Human Rights Related to Research
Involving Human Subjects, Faculty of Medicine, Ramathi-
bodi Hospital, Mahidol University. All subjects gave written
informed consent before the commencement of the study.
As described previously (13), the survey procedures
included a questionnaire (including information on general
health condition, medications, and past illnesses), physical
examination by internists, blood chemistry analysis, and
DXA.Construction of the Reference DatasetAll subjects’ data were reviewed and included for further
random selection unless they met any of the following exclu-
sion criteria, which were designed to exclude subjects with
BMD (Z-score) exceeding 2 standard deviation (SD) of
the mean of their age group or with conditions potentially
affecting bone metabolism or DXA analysis:
(1) Any lesions or artifact at any of L1eL4 vertebrae,
(2) Low-energy fracture at any site,
(3) Traumatic fracture involving the spine or femur,
(4) Any treatment and/or illness that would be expected to
affect bone metabolism except hormone replacement ther-
apy and calcium and vitamin D supplementation,
(5) Spinal surgery (such as orthopedic implant, laminec-
tomy, or vertebroplasty),
(6) Early menopause or surgical menopause and/or orchi-
ectomy,
(7) Scoliosis of the lumbar spine, with Cobb angle of more
than 20.
Subjects aged 30e59 years were from the second survey of
the third cohort (EGAT 3/2) in 2014, and those 60e80þ yearsJournal of Clinical Densitometry: Assessment & Management of Muscuwere from the fifth survey of the first cohort (EGAT 1/5) in
2012. Unlike male subjects, there was no female subject older
than 80 years.Sample Size CalculationThe TBS software developer recommended 70 subjects in
each decade to ensure that each decade was well represented.
Nevertheless, we also calculated the sample size needed for
accurate estimation in our setting. Sample size calculation
depends on variance and acceptable error: the larger the
variance and the smaller the acceptable error, the larger the
sample size required. We set the level of confidence at
95%. An acceptable error of TBS of 2.26% was obtained
from a phantom study using fast array mode, the same
mode used in this study (14). To ensure an adequate number
of subjects, we used the mean TBS from the oldest groups re-
ported, as they have the lowest mean TBS and, hence, smaller
acceptable error. Based on previous reports (15,16), the mean
TBS at L1eL4 vertebrae of these groups (75e85 and
80e90 years) ranged from 1.167 to 1.178 and the SD from
0.08 to 0.1. The sample size for each decade was calculated





Where a, significant level, 5 0.05; Za/2, 2-tailed standard
normal deviate, 5 1.96; s, or SD of the data, 5 0.1 (a larger
value was used to ensure an adequate number of subjects);
and d, acceptable error, 5 0.0226  1.167 (the lower mean
TBS value was chosen to ensure adequate sample size).
Hence, for each gender and each decade, the sample size
needed was 56 subjects, which was well covered by 70 sub-
jects recommended by the TBS software developer. There-
fore, we randomly selected at least 70 subjects in each
decade from among those eligible after applying the exclu-
sion criteria.BMD AssessmentSimilar to a previous report (13), each subject changed into
light clothing before undergoing BMD assessment by DXA at
the lumbar spine (L1eL4 vertebrae) and hip (femoral neck
and total hip). Using fast array mode, all measurement proce-
dures were performed according to the International Society
for Clinical Densitometry recommendations (17) by Interna-
tional Society for Clinical Densitometryecertified densitom-
eter technologists using the same Hologic Discovery W
DXA scanner on all subjects (Hologic, Bedford, MA).
Quality assurance procedures using a spine phantom were
performed daily. The lumbar spine BMD root mean square
(RMS) coefficient of variation and RMS SD were 0.69%
and 0.006 g/cm2, respectively.TBS AssessmentUsing TBS iNsight software version 2.1 (medimaps,
Merignac, France) on the same regions of interest (ROIs) as
those used for lumbar spine BMD, TBS was calculated as
the mean value of the individual measurements for eachloskeletal Health Volume 19, 2016
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L4 vertebrae. The TBS RMS SD and RMS coefficient of vari-
ation were 0.026 and 2.05%, respectively.Statistical AnalysisFemale andmale datawere analyzed separately. Normality of
data across the whole population of each gender were checked
using the Kolmogorov-Smirnov test. Descriptive statistics were
reported as mean and SD of each decade (Table 1). Using
segmental linear regression analysis by decades, an age-
adjusted normative TBS curve of each gender was generated
for each lumbar vertebra and all of the possible combinations,
that is, L1, L2, L3, L4, L1L2, L1L3, L1L4, L2L3, L2L4,
L3L4, L1L2L3, L1L2L4, L1L3L4, L2L3L4, and L1L2L3L4.
When comparing male BMD with previous results obtained
on a Lunar DXA scanner (Lunar Corp., Madison, WI, USA),
standardized BMD (18) was used. All analyses were performed
using STATA 12.0 software (College Station, TX, USA). A p
value !0.05 was considered to be statistically significant.
Results
Among 848 healthy subjects enrolled in the study, 341
(40.2%) were female and 507 (59.8%) were male. The charac-
teristics of female and male subjects by decade of life are pre-
sented in Table 1. Mean age and BMI were 53.1 (SD 5 12.7)
years and 23.5 (SD 5 3.6) kg/m2 in females, and 52.5
(SD 5 15.4) years and 24.9 (SD 5 3.5) kg/m2 in males. Sub-
jects older than 80 years were male only and denoted as 80þ.Body mineral densityMean  SD BMD at L1eL4 of females and males were
0.900  0.135 g/cm2 and 0.975  0.132 g/cm2, respectively.
In the youngest decade (30e39 years), the respective female
and male mean  SD BMD of 0.969  0.103 g/cm2 and
1.010  0.111 g/cm2 were statistically significantly differentTable
Characteristics of Female and Ma
Gender Age Number Age (yr) Height (cm) W
Female 30e39 76 36.0  2.6 159.0  5.5 55
40e49 70 44.9  2.5 156.6  5.1 58
50e59 72 54.5  2.6 154.5  5.3 55
60e69 94 65.7  1.8 154.3  4.6 58
70e80 29 72.8  2.1 152.7  4.5 55
All 341 53.1  12.7 155.7  5.4 56
Male 30e39 169 35.1  2.6 171.4  6.6 74
40e49 70 44.8  3.0 168.4  5.9 71
50e59 74 54.4  2.4 167.4  5.6 70
60e69 102 65.8  2.1 165.1  5.1 67
70e80a 92 74.3  2.9 163.4  5.2 64
All 507 52.5  15.4 167.7  6.6 70
Abbr: BMI, body mass index; BMD, bone mineral density; TBS, tra
aAdditional 5 male subjects older than 80 years. There was no such
Journal of Clinical Densitometry: Assessment & Management of Muscu( p 5 0.0063). Using these data as references, the proportions
of subjects with T-scores of  1 (normal), between 2.5
and 1 (low bone mass), and  2.5 (osteoporosis) were
60.7, 30.5, and 8.8% in females and 44.6, 42.6, and 12.8%
in males. No significant difference in BMD was found be-
tween our reference groups of females and males aged
30e39 years and previous findings for Thai females (19)
( p 5 0.31) and males (4) ( p 5 0.22). For male BMD, the
values were converted to standardized BMD (18) to allow
comparison of BMD values obtained from DXA scanners of
different manufacturers. Using the young male adult mean
and SD of 1.13  0.14 g/cm2 (4) converted to standardized
BMD of 1.073  0.114 g/cm2, the respective male figures
were clearly different: 61.3, 32.0, and 6.7%. However, using
the young female adult mean and SD of 0.957  0.11 g/
cm2 (19), the respective female proportions were similar to
our findings: 65.7, 27.6, and 6.7%. When applying the
mean and SD of sex-matched non-Hispanic white population
aged 2029 years from National Health and Nutrition Exam-
ination Survey (NHANES) 2005e2008 (20), the respective
proportions were 36.7, 40.5, and 22.9% in females and
58.0, 33.9, and 8.1% in males.
In females, the segmental linear model of lumbar spine
BMD, with age as the independent variable (Fig. 1), could
explain 31.3% of the variation in female lumbar spine
BMD ( p ! 0.001), which decreased by 0.0070.009 g/cm2
per year ( p! 0.05). The male lumbar spine BMD decreased
at slower, nonstatistically significant rates of 0.00060.001 g/
cm2 per year ( p O 0.05). Although, the male lumbar spine
BMD model was statistically significant ( p 5 0.0023), it
could explain only 2.7% of the variation.Trabecular bone scoreFor the entire group of females and males, mean TBS at
L1eL4 was 1.324 (SD 5 0.117) for females and 1.355
(SD 5 0.099) for males (Table 1). The average SD of the1
le Subjects by Decade of Life
eight (kg) BMI (kg/m2) BMD (g/cm2) TBS L1eL4
.5  6.7 22.0  2.8 0.969  0.103 1.427  0.073
.5  10.0 23.8  3.8 0.992  0.100 1.400  0.093
.9  7.5 23.5  3.3 0.884  0.129 1.312  0.085
.0  9.8 24.3  3.9 0.811  0.119 1.227  0.079
.7  8.5 23.8  3.2 0.828  0.109 1.218  0.072
.9  8.7 23.5  3.6 0.900  0.135 1.324  0.117
.2  11.9 25.2  3.7 1.010  0.111 1.409  0.085
.8  12.0 25.3  3.7 0.964  0.126 1.368  0.095
.4  11.9 25.1  4.0 0.962  0.129 1.328  0.106
.1  8.9 24.6  3.0 0.959  0.140 1.320  0.082
.3  9.2 24.0  3.1 0.948  0.152 1.302  0.085
.1  11.5 24.9  3.5 0.975  0.132 1.355  0.099
becular bone score.
female subject.
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Fig. 1. Age-related BMD curves for L1eL4 ROI in 341 females (left) and 507 males (right). The black line represents the
mean BMD. The dashed lines represent the 2 SD lines while the dotted lines represent the 1 SD lines. BMD, bone mineral
density; ROI, region of interest; SD, standard deviation.
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males, respectively. Lumbar spine TBS values at L1eL4
decreased with age. Between the ages of 30e80þ years, fe-
male and male TBS dropped by 19.8% (0.40% per year)
and 10.1% (0.20% per year), respectively. In terms of SD,
the respective TBS loss per decade was 0.49 SD and 0.23 SD.
Age-adjusted analysis of TBS by decades showed that
TBS values for each lumbar vertebra (L1eL4) and for all
possible combinations of L1eL4 vertebrae decreased with
age (Table 2), as indicated by negative coefficients. They
were relatively constant for any given region of interest in
both genders, ranging from 0.009 to 0.003 and 0.005
to 0.002 in females and males, respectively. Female and
male adjusted TBS curves for the ROI at L1eL4 are shown
in Fig. 2.
Furthermore, multiple linear regression models of TBS,
which also included age, BMI, and BMD as covariates, could
explain 72% and 60% of the variance in females and males,
respectively (Table 3). In both genders, the correlations of
TBS were statistically significant for all covariates
( p ! 0.05), being negative with age and BMI but positive
with BMD. The respective female and male age coefficients
of 0.004 and 0.002 per year were higher compared with
0.007 to 0.006 and 0.004 to 0.003 per year when the
model was not adjusted for BMI and BMD.
Despite the well-known positive correlation between BMI,
or adiposity, and BMD, BMI was negatively associated with
TBS (Fig. 3) with a coefficient of 0.007 and 0.011 in fe-
males and males, respectively. On the other hand, a lumbar
spine BMD coefficient of 0.48 in females and 0.45 in males
was moderately positively correlated with TBS.
Discussion
We generated age-adjusted reference values for lumbar
spine TBS for healthy Thai females and males between the
ages of 30 and 80þ years. The subjects’ BMI ranged fromJournal of Clinical Densitometry: Assessment & Management of Muscu15 to 37 kg/m2 to allow a wide range of applicability. The
number of subjects satisfied the sample size needed for the
purpose of estimating TBS.
Consistent with previous reports (15,16), TBS was highest
in the youngest age group and decreased with age. This was
true in both genders, but the rate of decline was higher in fe-
males. The rate of TBS loss in females of 19.8% over 5 de-
cades, or 0.40% per year, was higher than the findings
reported by Simonelli et al (16) of 16.5% over 6 decades,
or by Dufour et al (15) of 0.36% per year. Because data on
male TBS are scarce, a comparison cannot be made at pre-
sent.
In females, 31.3% of the variation in lumbar spine BMD
could be explained by age (Fig. 1). The change with age in
lumbar spine BMD was statistically significant in all age
groups with correlation coefficients ranging from 0.009 to
0.007 g/cm2 per year. On the other hand, age alone could
explain 53.3% of the variation of TBS at L1eL4; and the
age coefficients of 0.007 to 0.006 were statistically signif-
icant for all age groups. As compared with males, there was a
more pronounced decline in lumbar spine BMD and TBS
with age for females; 1 obvious explanation is the observed
accelerated decrease in BMD after the menopause.
In males, using simple linear regression analysis without
age grouping, the association of age with BMD at L1eL4
was statistically significant ( p! 0.05) with a coefficient cor-
relation of 0.0015 g/cm2 per year. However, when analyzing
by decades, compared with females, the age coefficients were
less negative and not statistically significant ( p! 0.05) in all
decades, ranging from 0.0015 to 0.0006. Dividing male
subjects into smaller age groups potentially reduced the po-
wer of the analysis to reach statistically significance. Never-
theless, the percentage of the variation in BMD at L1eL4
that could be explained by age was similar, being 2.7%
(Fig. 1) when analyzed by decades and 2.8% when analyzed
without grouping. Both were much lower than 31.3% in fe-
males. Similarly, using ROI at each vertebra and everyloskeletal Health Volume 19, 2016
Table 2
Constants and Age Coefficients (Slope per Year) by Decade, Derived From Age-Adjusted Analysis of TBS Using the Region
of Interest (ROI) of Each Lumbar Vertebra (L1eL4) and Their Combinations in Female and Male Subjects
Gender ROI Const.
Age group (yr)
Adjusted.R2 p3039 4049 5059 6069 7080a
Female L1 1.479 0.003* 0.003* 0.004* 0.005 0.004 0.373 !0.001
L2 1.633 0.005* 0.005* 0.005 0.006 0.006 0.413 !0.001
L3 1.801 0.009 0.008 0.008 0.008 0.008 0.492 !0.001
L4 1.707 0.008 0.007 0.008 0.007 0.006 0.369 !0.001
L1L2 1.556 0.004* 0.004* 0.005 0.005 0.005 0.450 !0.001
L1L3 1.640 0.006 0.005 0.006 0.006 0.006 0.510 !0.001
L1L4 1.593 0.006 0.005 0.006 0.006 0.005 0.465 !0.001
L2L3 1.717 0.007 0.006 0.007 0.007 0.007 0.502 !0.001
L2L4 1.670 0.007 0.006 0.007 0.007 0.006 0.482 !0.001
L3L4 1.754 0.009 0.007 0.008 0.008 0.007 0.500 !0.001
L1L2L3 1.638 0.006 0.005 0.006 0.006 0.006 0.512 !0.001
L1L2L4 1.606 0.005 0.005 0.006 0.006 0.005 0.499 !0.001
L1L3L4 1.662 0.007 0.006 0.007 0.007 0.006 0.527 !0.001
L2L3L4 1.714 0.007 0.007 0.007 0.007 0.007 0.524 !0.001
L1L2L3L4 1.655 0.006 0.006 0.006 0.007 0.006 0.533 !0.001
Male L1 1.425 0.002* 0.003* 0.003* 0.002 0.002 0.077 !0.001
L2 1.556 0.003* 0.004 0.004 0.003 0.003 0.173 !0.001
L3 1.648 0.005 0.005 0.005 0.005 0.004 0.236 !0.001
L4 1.544 0.004* 0.004 0.004 0.003 0.003 0.114 !0.001
L1L2 1.490 0.003* 0.003* 0.003 0.003 0.003 0.141 !0.001
L1L3 1.536 0.004* 0.004 0.004 0.003 0.003 0.182 !0.001
L1L4 1.484 0.003 0.003 0.003 0.003 0.003 0.122 !0.001
L2L3 1.602 0.004 0.004 0.004 0.004 0.004 0.232 !0.001
L2L4 1.550 0.004* 0.004 0.004 0.003 0.003 0.175 !0.001
L3L4 1.596 0.005 0.005 0.005 0.004 0.004 0.200 !0.001
L1L2L3 1.543 0.004* 0.004 0.004 0.003 0.003 0.195 !0.001
L1L2L4 1.508 0.003* 0.004 0.004 0.003 0.003 0.156 !0.001
L1L3L4 1.539 0.004* 0.004 0.004 0.003 0.003 0.180 !0.001
L2L3L4 1.583 0.004 0.004 0.004 0.004 0.004 0.214 !0.001
L1L2L3L4 1.543 0.004* 0.004 0.004 0.003 0.003 0.193 !0.001
Note: All parameters have p value !0.05.
*p O 0.05.
Abbr: Const., constant; ROI, region of interest.
aAdditional 5 male subjects older than 80 years. There was no such female subject.
498 Sritara et al.combination of L1 through L4 vertebrae, the percentages of
variation in TBS that could be explained by age and the
age coefficients were smaller in males than in females. Unlike
BMD, the negative coefficients of age in the male TBS model
at L1eL4 were statistically significant.
With increasing age, the fall in BMD can be explained by
the findings that bone resorption is markedly increased and
bone formation markedly decreased, mostly due to a shift
from osteoblastogenesis to predominant adipogenesis in the
bone marrow (21) and increased bone resorption activity
(22). An experimental study in mice supports this further by
showing that aging leads to a dysregulation in bone formation
and resorption (23). As for TBS, a study on cadavers using
microCT and scanning electron microscopy has demonstratedJournal of Clinical Densitometry: Assessment & Management of Muscusignificantly decreased trabecular number and increased
trabecular separation in older cadavers (24), leading to lower
TBS in elderly subjects.
Although female BMD at L1eL4 in the youngest decade
(30e39 years)was significantly lower comparedwith themales
in the same age group ( p5 0.0063), it is interesting to note that
the female mean TBS of 1.427  0.073 was higher than the
male TBS of 1.409  0.085, albeit not statistically significant
( p 5 0.1240). However, the mean TBS values in older age
groups were higher in males, which is in keeping with the find-
ings that their age coefficients were less negative.
Although BMI is known to be positively associated with
BMD, it was negative associated TBS in both females and
males (Fig. 3), which could mean that higher BMD inloskeletal Health Volume 19, 2016
Fig. 2. Age-related TBS curves for L1eL4 ROI in 341 females (left) and 507 males (right). The black line represents the
mean BMD. The dashed lines represent the 2 SD lines while the dotted lines represent the 1 SD lines. A horizontal dashed
and dotted line is drawn at TBS 5 1.2, the previously proposed threshold. BMD, bone mineral density; ROI, region of interest;
SD, standard deviation; TBS, trabecular bone score.
Age-Adjusted Trabecular Bone Score Curves for Thai Females and Males 499individuals with high BMI may not necessarily indicate stron-
ger bone. It may be possible that for a given BMD value,
obese individuals have less trabecular connection than normal
individuals. Indeed, a study in premenopausal females of
varying BMI using computed tomography and transiliac
bone biopsy has shown that at the tissue level, females with
more central adiposity had inferior bone quality and lower
bone formation (25). TBS could be more relevant than
BMD in assessing bone quality in this situation. However,
increased soft tissue thickness in subjects with higher BMI
could mask variation among the pixels, potentially causing
underestimation of TBS. Further study on the effect of BMI
on the precision of TBS is needed to confirm this.
Similar to other studies (15,16)which showedmoderate cor-
relation betweenBMDandTBS,we found that every 1 g/cm2 of
BMDwas associated with an increase of 0.45e0.48 of TBSda
stronger effect on TBS than age or BMI.Table 3
Linear Regression Model of TBS of Each Age Group With
Age, BMI, and BMD as Covariates
Covariate
Female Male
Beta Coef. Beta Coef.
Age 0.39 0.004 0.38 0.002
BMI 0.22 0.007 0.41 0.011
BMD 0.55 0.475 0.60 0.448
Adjusted R2 0.719 Adjusted R2 0.597
p !0.0001 p !0.0001
Note: All parameters have p value !0.05.
Abbr: BMI, body mass index; BMD, bone mineral density; Coef.,
coefficient.
Journal of Clinical Densitometry: Assessment & Management of MuscuThe reference data could provide an estimate of a manage-
ment threshold, for example, 2.5 or 3 SD below the mean.
The previously proposed threshold of 1.2 (11) corresponded
to the TBS value approximately 3 SD below the means of
both females and males aged 30e39 years, meaning that
99.9% of the TBS values of the young adult groups would be
defined as normal. This value can be used in conjunction with
BMD (26) to improve clinical decisionmaking. It seems logical
to manage those with TBS  1.2 more aggressively, for
example, by following-up those with normal BMD in
23 years instead of doing nothing; or by adding antiresorptive
therapy in those with low bone mass. This may influence man-
agement in up to 13% (18 in 138) of healthy females (89% of
whom were 50 years or older) and 9.2% (16 in 173) of healthy
males (94% of whom were 50 years or older) with BMD
T-scores between 2.49 and 1.09 (based on NHANES
data) (20). However, further studies are still needed beforemak-
ing a strong recommendation, particularly in our local setting
where many centers do not have a software to assess TBS.
The main limitations of this study are: subjects were from
only 1 area of the country and hence, may not be representa-
tive; there were fewer female subjects than males; and the
study did not cover all the subjects in the EGAT1 and
EGAT3 cohorts. We found no significant difference in
BMD between our subjects aged 3039 years and previous
findings in Thai females (19) ( p 5 0.31) and males (4)
( p 5 0.22). Because the latter study used a Lunar scanner,
the BMD values were converted to standardized BMD (18)
to allow comparison. This suggests that, at least, our findings
on female and male subjects in the youngest age group were
not significantly different from the previously reported data.
The unbalanced ratio between female and male subjects
was because of the nature of the cohorts, that is, having
more male workers. The reason that the study did not cover
the entire cohort was because of the limited number of TBS
analyses allowed by the licensee. We tried to maximize theloskeletal Health Volume 19, 2016
Fig. 3. Discrepant influence of adiposity on BMD vs TBS in females and males. X andC represent female and male data
while solid and dashed lines represent female and male regression lines, respectively. BMD, bone mineral density; TBS, trabec-
ular bone score.
500 Sritara et al.number of subjects in the young and old age groups so that we
could define the peak TBS values and normal values in the
elderly, where bone strength matters most. Moreover, in the
age range 60e61 years, there were few male subjects and
no female subjects due to a small gap between the 2 cohorts.
However, the existing data seemed to follow the same trend
and fit well together.
In conclusion, we have generated age-adjusted reference
curves for healthy Thai females and males aged 30e80þ
years. Over this age span, the TBS declined 19.8% and
10.1% for females and males, respectively.Acknowledgments
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